Larvae of the blow fly, Lucilia sericata (Diptera: Calliphoridae) were reared on an artificial diet primarily composed of whole milk powder, dried yeast and wheat germ. No significant differences were observed in mortality during the larval and pupal stages, and in pupal weight between larvae reared on this diet and those reared on beef liver, although duration of the larval stage on the artificial diet was a little longer than that on beef liver. This artificial diet is suitable for use in laboratory experiments on this species.
INTRODUCTION
Calliphora vomitoria was the first insect reared on an artificial diet throughout the larval stage, although the diet contained an extract of its natural food, i.e., meat (Bogdanow, 1908) . Since then, artificial diets have been used for experimental studies in blow flies (Calliphoridae). Tenquist (1971) reared Lucilia sericata on an artificial diet based on whole milk and dried yeast, and Ring (1972) used a similar diet but with yeast extract in place of dried yeast for rearing L. sericata. Calabrese and Stoffolano (1974) reared Phormia regina and Saunders et al. (1986) reared Calliphora vicina and L. sericata on a similar diet to that used by Tenquist (1971) . However, our preliminary experiment showed that this diet made of whole milk and dried yeast was not as suitable for larval development in L. sericata as beef liver. In Drosophila, wheat germ was shown to be effective for larval development (Lakovaara, 1969) . In the present study, therefore, we prepared a new artificial diet for L. sericata by adding wheat germ to whole milk and dried yeast, and compared development between larvae reared on this artificial diet and those reared on beef liver.
MATERIALS AND METHODS
Insects. Adult L. sericata were captured with a baited fly trap (Suenaga and Kurahashi, 1994;  slightly modified) on the campus of Osaka City University, Japan, in September 1998. A laboratory culture originating from these adults has been maintained under 16L-8D at 25Ϯ1°C. Approximately 50-100 adult flies were maintained with water, granulated sucrose, and small pieces of beef liver in a plastic container (150 mm in diameter, 90 mm in depth) covered with nylon netting. Newly hatched larvae were placed in a 500 ml beaker with a 100 g lump of beef liver on dry wood chips. Mature larvae were transferred to a plastic container filled with dry wood chips as the pupariation medium and covered with nylon netting.
Experimental culture of larvae. All experiments were carried out under a photoperiod of 16L-8D at 25Ϯ1°C. Groups of 150 newly hatched larvae were placed in 500 ml beakers with a 100 g lump of either artificial diet or beef liver on dry wood chips. Mature larvae were transferred to another 500 ml beaker filled with dry wood chips. Newly formed puparia were counted daily. Puparia were weighed and transferred to petri dishes (50 mm in diameter, 10 mm in depth). Adult emergence was recorded daily.
Composition and preparation of artificial diet. Five varieties of artificial diet (A-E) were examined for their ability to support larval development of L. sericata (Table 1) . Diet A contained all three fundamental ingredients, i.e., whole milk powder, dried yeast powder and wheat germ, while one of these ingredients was omitted in diets B (wheat germ), C (dried yeast powder) and D (whole milk powder). Diet E contained cellulose powder in place of wheat germ. All ingredients shown in Table 1 except propionic acid were blended thoroughly. The mixture was boiled with stirring for 10 min, then transferred to a 500 ml beaker. Then propionic acid was added to the mixture as a mold inhibitor. The diet was stored in a refrigerator until use. Table 2 shows the development of larvae and pupae reared on beef liver and artificial diets. There were no significant differences in mortality during the larval and pupal stages, pupal weight and pupal duration between larvae reared on diet A and those reared on beef liver, although larval duration was significantly prolonged on diet A. Therefore, all three ingredients, i.e., whole milk powder, dried yeast and wheat germ, were shown to be indispensable for the growth of L. sericata larvae. In contrast, larval development was markedly retarded on the other artificial diets (diet B, C, D and E).
RESULTS AND DISCUSSION
A small proportion of larvae pupariated successfully on diet B without wheat germ, although the pupariation rate was significantly lower than that on diet A or beef liver. We considered that the difference in larval development between these two artificial diets can be explained by a certain nutritional factor in wheat germ or by the physical properties of the artificial diet containing wheat germ. Then we tested diet E containing cellulose powder in place of wheat germ in the diet A. Larval development on diet E was similar to that on diet B without wheat germ. Therefore, wheat germ serves as a nutritional resource for larval development in L. sericata.
Cholesterol is an essential growth factor in L. sericata, and ergosterol included in yeast and sitosterol included in wheat germ also promote larval development, but are less effective than cholesterol (Hobson, 1935) . Among the three fundamental ingredients, only whole milk contains cholesterol (Resources Council, STA, 1982) . Kadner and Lafleur (1951) reported that B vitamins are required for larval development in L. sericata. However, dried yeast contains more B vitamins than wheat germ (Resources Council, STA, 1982) . (Zar, 1999, pp. 223-226) , or Tukey-type multiple comparisons for proportions (Zar, 1999, pp. 563-565 Therefore neither sterols nor B vitamins are responsible for the difference in larval development between diet A and diet B. Further studies are needed to clarify the nutritional role that wheat germ plays for L. sericata. Daniels et al. (1991) and Sherman and Tran (1995) also successfully reared larvae of L. sericata on artificial diets, although these diets contain an ingredient from animal tissues, i.e., horse blood or pureed liver like the artificial diet for C. vomitoria developed by Bogdanow (1908) . Our artificial diet with wheat germ does not contain protein originating from animal tissues but was suitable for rearing them in the laboratory. Although, Tenquist (1971) and Saunders et al. (1986) successfully reared larvae of L. sericata on artificial diets based on whole milk and dried yeast or yeast extract, this diet was not considered suitable in our experiment. There may be geographical variations in the nutritional requirements of L. sericata, although we cannot discount the possibility that the experimental procedure and/or nutritional components of whole milk or dried yeast used in our study differed slightly from those of Tenquist (1971) and Saunders et al. (1986) .
